inhibition. Moreover, when this period of inhibition is grossly lengthened by decerebration, the middle ear muscles correspondingly present only a single short response to a click.
The results of the interaction patterns must be viewed in relation to the different degrees of spontaneous activity in the two muscles. In the waking cat, the stapedius muscle predominantly determines the acoustic transmission through the middle ear (Carmel & Starr 1963) . Again in the waking cat, when a medium degree of spontaneous activity is present transient sounds at moderate sound pressure levels produce an inhibition in the stapedius muscle which in turn improves the sound transmission. In the present experiment this has been demonstrated with clicks of 125 dB SPL (loudness equivalent to 65 dB HL) using the amplitude of the cochlear potentials in response to a steady tone in the ipsilateral ear as an index of sound transmission.
The present series has shown that there is no simple relationship between intensity of acoustic stimulus and changes in the middle ear muscle tension in the waking cat and also that integration of simultaneous incoming stimuli is different in decerebrate compared with intact waking cats. This indicates that further information on the role of these muscles can only be obtained in the awake and unmedicated animal. Finally, there seems to be a close similarity between the factors involved in decoding transient sounds (communication, orientation) and those governing middle ear muscle action. Amongst these factors are evaluation of time intervals, evaluation of small intensity variations at moderate sound levels, and internal factors such as entire or partial body movements and the phenomenon of expectancy.
Summary
In the present studies, electromyography of middle ear muscles has been done in the cat, using chronically implanted electrodes. Interaction between clicks has been studied by on-line computer techniques in conscious and decerebrate animals. The results indicate that:
(1) Interaction between successive stimuli occurs both in the form of facilitation and inhibition.
(2) Facilitation and inhibition do not run parallel in the two muscles, indicating that these muscles are not true synergists.
(3) Small differences in sound pressure (2 dB at a level of 100 dB SPL) are capable of changing the middle ear muscle response, indicating that middle ear muscles are part of a fine mechanism involved in acoustic perception.
(4) Interaction patterns depend on the cat's alertness, expectancy and experience with the stimuli.
(5) Both response type and interaction pattern are completely and unpredictably changed by decerebration, indicating that further progress can be made only with intact animals. Impedance Audiometry in Clinical Practice by E M Swannie BM (Audiology Unit, Royal Berkshire Hospital, Reading)
The evolution of impedance audiometry took twenty-five years and it is now five years since the Scandinavian workers so clearly demonstrated its usefulness and reliability in clinical practice. However in Great Britain today we find less than a dozen machines in use. Why is such a valuable addition to our clinical skills being neglected? The reason must lie in the widespread misconception that this is a research tool and not a normal part of clinical work.
The Madsen Acoustic Impedance Meter is used extensively in Reading. It is easy to use, has few snags and gives very valuable information. In practice one measures relative changes in acoustic impedance, brought about by reflex contraction of the stapedius muscle in response to a loud sound. The reflex is consensual or bilateral and so one ear is stimulated acoustically whilst the other acts as an indicator to demonstrate the reflex response. The probe unit forms an air tight fit in the meatus of the indicator ear and sends a carrier tone of 220 c/s at 65 dB towards the tympanum; the impedance apparatus is then used to measure changes in the sound pressure level in the sealed meatal cavity, in response to changes in acoustic impedance of the tympanum.
The threshold of reflex response is established for each ear, being tabulated as the acoustic response for the test ear and not the indicator ear. Less than I % of normals fail to show this response and its absence is thus very significant. It has been established that any form of conductive block, even a mere 2-3 mmHg pressure difference across the tympanic membrane (Klockhoff 1961), will blot out the reflex impedance change: paralysis of the stapedius muscle, in facial palsy, stops the reflex. Also severe hearing loss will prevent demonstration of impedance change due to the limits of the output of the audiometer section of the apparatus.
Thus absent reflex must mean one of four things: (1) Poor recording conditions (i.e. badly set apparatus).
(2) Stapedial paralysis. (3) Conductive deafness. (4) Severe perceptive deafness. Presence of the reflex proves normal middle ear function.
The absent reflex requires further investigation and two forms of non-acoustic stimulation of intratympanic muscles are used. Klockhoff & Anderson (1960) stimulated reflex stapedial contraction by cutaneous electrical stimulation in the external auditory meatus and elicited tensor tympani contraction by air jet stimulation of the orbital region using a Politzer bag or a more accurately controlled air jet gun.
The air jet forms a simple test of ideal recording conditions and also shows an excessive response in the presence of ossicular chain interruption. The air jet response is present in otosclerosis whereas acoustic and cutaneous stimulation of stapedial contraction are negative; this quickly indicates investigation of conductive deafness. Also, if cutaneous stapedius contraction is demonstrated in absence of acoustic reflex change, then this points to severe perceptive deafness beyond the limits of the apparatus.
Built into the ear probe unit is a channel which connects to an air pump. This enables one to equalize pressures across the tympanum and also to measure middle ear pressures, of value in analysing Eustachian tube function (Terkildsen & Thomsen 1959) .
The chief value of the test lies in its use in objective audiometry, both in estimating pure tone thresholds and in testing for loudness recruitment. It is a suprathreshold test and as such readily demonstrates loudness recruitment -Metz (1952), Thomsen (1955) , and Ewertsen et al. (1958) have indicated its reliability. Several subjective factors are involved in the usual clinical tests of loudness discrimination (Harris 1963) ; the impedance or Metz test avoids them, as well as being easy to carry out and applicable to equal or differing hearing losses in the two ears.
The following cases illustrate the use of impedance studies in perceptive deafness.
Case 1: A 56-year-old woman presented with Ramsay Hunt syndrome, having amongst other things a left facial palsy and a left perceptive deafness. Fig 2 shows the results obtained. Right ear stimulation produces no reflex change at the left tympanum due to the left facial palsy. Left ear stimulation gives a ready response at the right or indicator ear, as shown. The difference between pure tone and reflex levels equals 40-45 dB, not the normal 70-90 dB, thus demonstrating loudness recruitment, equal for all the frequencies at which a reflex was obtained, i.e. 250 to 2,000 c/s. Higher frequencies were beyond the limits of the meter. It is of interest that most writers claim absence of recruitment in this syndrome and we await follow up of this patient with interest. The above results also show the close parallelism between pure tone and reflex thresholds and indicate the possibility of predicting pure tone levels from reflex levels if recruitment is taken into account.
Case 2: A 56-year-old man with high tone perceptive deafness had suffered much acoustic trauma in the artillery. Case 4: Because of its objective nature impedance audiometry is ideal for the patient who cannot or will not co-operate. It is very useful in testing the malingerer and those with functional deafness. Fig 5 was obtained on testing a 19-yearold girl who complained of complete left deafness. The etiology was obscure but she said that she had noticed it for five years. She co-operated well but was unintelligent and lived in a local authority home, being in need of care and protection. Normal reflex levels are seen for the right ear. The left ear gave rise to the reflex response as seen and indicates definite low tone hearing in the left ear. Subsequent lengthy testing finally produced a pure tone response in the left ear which indicated severe high tone loss and roughly paralleled the reflex level.
Case 5: The final case (Fig 6) illustrates its use in the investigation of deafness in the small child: the patient was a 5-year-old girl, psychologically metry was difficult but eventually was felt to be reliable enough at the indicated thresholds. Impedance tests gave the levels as shown and demonstrate much recruitment and parallel slopes. It is of great value to know that she has recruitment deafness, and prediction of pure tone levels would have been invaluable at an earlier age.
In the testing of the small child impedance audiometry is supreme. It can be carried out at almost any age, certainly at 6-12 months, but the very young child may require mild sedation. Excessive sedation obliterates the response. Psychogalvanic skin resistance tests are difficult in the very young and demand some cerebral cooperation, whereas electroencephalograph studies are still research projects. This leaves impedance testing in the forefront; it is valuable and it should be used.
